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The temporal and spatial uncertainties in arid deserts enhance innate seed dormancy, especially in 
48
Seeds use several environmental queues, such as soil temperature, light intensity and quality, and 49 moisture level, to sense the surrounding environment and consequently determine the proper time and 50 place of germination and subsequent seedling emergence (Huang et al. 2018) . Germination bed, which is 51 typically the soil surface, is exposed to wide daily and seasonal fluctuations in light, temperature, and foil to ensure complete dark conditions. Germination was conducted in 9-cm Petri dishes containing two 114 disks of filter paper moistened with 10 mL of distilled water. Three replicate dishes, each with 25 seeds,
115
were used for each treatment. A seed was considered to have germinated after the emergence of the 116 radicle. Emerged seedlings were counted and removed every other day for a total of 18 days after seed 117 incubation. Seeds incubated in the dark were checked only after 18 days. between the means. The final germination percentages and GRI were arcsine-and log-transformed, 150 respectively, to meet the assumptions of ANOVA. The normality of the data was tested by using the 151 Shapiro-Wilk test. All statistical methods were performed using SYSTAT, version 13.0 (Systat Software,
118

Effect of maternal thermoperiods, after-ripening, and photoperiod incubation
152
Inc., San Jose, CA, USA).
Results
154
Seed mass and viability
155
Maternal thermoperiod significantly affected the average seed mass (F = 12.50, P < 0.001). Seeds 156 that reached maturity at lower thermoperiods (15/25 °C) were significantly heavier (3.5 mg ± 0.017), 157 compared with seeds reaching maturity at higher thermoperiods (20/30 °C, 2.24 mg ± 0.031). However,
158
there was no significant difference (F = 1.35, P > 0.05) in seed viability between the two seed lots; 94% 159 and 90% of the seeds that reached maturity at lower and higher thermoperiods, respectively, were viable. 
160
Effects of incubation thermoperiod and photoperiod on germination of after-ripened seeds
169
There was a significant effect of thermoperiod on GRI of B. hybridum (P < 0.001; Table 1) . Table 2 ). Seeds that reached maturity at lower thermoperiods (15/25 °C) and those incubated under light 178 treatment attained significantly greater overall final germination than seeds that reached maturity at 179 higher (20/30 °C) thermoperiod and those incubated in darkness. In addition, after-ripened seeds attained 180 significantly greater overall final germination percentage compared with fresh seeds (Figure 2 ).
181
The interaction between maternal thermoperiod and photoperiod of incubation was significant (P 182 < 0.01; Table 2 ), indicating that the germination response to photoperiod depended on maturation 188 the interaction between maternal photoperiod and after-ripening was significant (P < 0.01; Table 2 ).
189
After-ripening increased the germination percentage by 0.18-fold under light, but by more than one-fold 190 in darkness (Figure 2 ).
191
There were significant effects of the maternal thermoperiod and seed after-ripening, but not their 192 interaction, on GRI (P < 0.001; Table 2 ). Seeds that reached maturity at lower thermoperiods germinated 193 significantly faster (GRI = 40.4) than those that reached maturity at higher thermoperiods (GRI = 33.3).
194
Similarly, after-ripened seeds germinated significantly faster (GRI = 44) than fresh seeds (GRI = 29.7, germination rate index of Brachypodium hybridum after-ripened seeds from a hyper arid mountain of the 501 UAE. The box plots were conducted from four replicates, the boundary of the box closest to zero 502 indicates the 1st quartile, the plus mark within the box marks the mean, the black line within the box 503 marks the median, and the boundary of the box farthest from zero indicates the 3rd quartile. 
